„ WrrHARIDE OBTAINED BY ctWlLNKING WITH 
CROSSLINKEDPOi.WXCHARn>E,OBlAinie,.> W 

SUBSTITUTED POLYETHYLENE GLYCOL, AS SUPERABSORBENT 



The presen, Mi relates ,o . crosa-hnked polysaccharides, which ,s (are) usefc. as 
MabS orbeot(s)orsuperab S orben^ 

,„ne or in a mixture with one or .ore other absorb components, e.g. with absorbents of the 
sam e ot different type as weh s other desired or necessary components. The present tnvenuon 
aiso rentes to cross-linked polysaccharides wbtch are b.odegradable The present invent.on 
10 tober reiates to a process) for prepay such cros,.h*ed pdysaccharid*); such process 
TO y for example exploit one or more relauvely inexpensive cross-hnking agents 



BACKGROUND OF THE INVENTION 

The poiysaccharide, are a group of carbohydrates composed of long chains of sunple 
su2 ars, such as for example, starch, ceMose, dex,nn S , po,ygalac,omannan, chmn/chitosan, 
annate compostuons, gums, xantan gum, carageenan gum, gum karaya, gum Arab,, pectm and 
gl.s-hke poiysacchandes as we U as other derivatives thereof such as ionic and/or non-tome 
derivative, Examples of starches are: com, wheat, nee, potato, tapioca, waxy maize, sorghum, 

alkylated, hydroxyalkyla.ed, acetylated, fractionated (e.g.amyiose and amylopectm), and 
physically modified starches. 
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Poiysaccharides have been exploited as absorbent or superabsoben.s with respect to the 



1 



•Uptake of aqueous substt M water > etc > 




Superabsorbent polysaccharide-based powers .nay be obtained through grafting of an 
^ — r (acrylonitrile, ac.bc acid, acrylamtde) on, starch or, less «. 
cellulose. These polymers also called "Super Slurper" showed water absorption from 700 to 
■a t.r B nduo to 140 g/g in saline solutionCRiccardoPO, Water- Absorbent 
5,300 g/g for deiomsed water and up to lwg/g m 

r \Artrmvnnl Sci Rev Macromol. Chem. Phys., 1994, 607-662 
Polymers: A Patent Survey. J- Macromol.bcx., Kev. ma 

Cp.634) and cited references). Desp.te their very high water absorption, these grafted 
polysaccharides, prepared by radical polymerization are not known to be btodegradable 



Carboxymethylcellulose (CMC) having the following formula 




OR - m 
R = H, carboxymethyl 
m is an integer of from 100 to 12,000 



isalmo wnp 0 lysacchande-ba^^ 

vendors ( ^^^m^m^^ Buchbolz F L. and Graham A. T. ed„ 
Wiley-VCH, Toronto, 1998, pages-239-241 and cited references). 

Carboxymethylstarch (CMS) having the following formula 
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R = H, carboxymethyl 

m is an integer of from 1000 to 3 
million for (natural) starches 

is another Known poiysacchande-based superabsorbent which is also commercially ava-lable 
ton, numerous vendors are among known poly.accbaride-ba.ed superabsorbents (Gross and 
Greuel, US 5,079,354, Jan 07, 1992, 536/111) . 

Anbergen and Oppermann have studted rhe elicit, and .be swelling behav,our of 
sodtum carboxymethylceUnlose and hydroxyetbylcellulose, chemically crossed wnh 
divinylsulfone (Andergen U. and Oppermann W , Bastrcity and swelling behaviour cf chemrcally 
crosslinked cellulose ethers in aqueous systems. Polymer, 1990, 31, 1854-1858) 

Kabra and Gehrke (WO 95/31500, Nov.23, 1995, C08J 9/28) have reported the sorption 
capacity of hydroxypropylcelhuose, crossed w,,h duTerent concentration of divtnylsulfone 
(from 028 to 2,98 weigh. %). The bes, results showed a water sorption capacity of 44 g/g with 
a crosslink of 0 9, weigh, %. The authors a.so mention that orher hydrophobically modified 
carbohydrate polymers can be chosen, such as hydroxypropylstarch 

More recently, SCA Hygtene Products AB (Annergren and Lundstrom WO 00/21 58!, 
Apr .20, 2000, A61L 15/28, ,5/60) extended the study with diviny.sulfone to low-cost, readily 



and others. 

carbox^ethylcellu.ose: hydroxyeunyioefiulose (3 „ which absorbs Cose to ,5 g 
unne per . of polymer after free swellrng for ,20 min. .0 «Ms parent, however, the t,uan„«y of 
a.viny.sulfoae used is no. reported. Dwinylsulfone has been appi.ed wuh respect to Cher 
po.ys.ccharides containing acidic groups (Thornton e, a!. WO 00/35504, June 22, 2000, A61L 
,5/60, ,5/28 ). It appears tha, the best resuU was ob.a>ned wrth carboxymethy,ce,,u,ose 
crosslruked with 1 4 mol% of divinylsulfone. Thrs resits in a centnfuge retention capacity (CRC) 
of 111 g/g witb syrrrheuc urine. On page 6 of WO 00/35504 it has been mentioned .ha, Ac 
superabsorben. polysacchandes combine high absorption capacuy with con,ro, of bacterial 
growth and con.ro! of odour, as weU as with brodegradability. There is however no evrdence that 
such compounds would be biodegradable 

Starch ethers have been crossed with numerous other bifunctronal group, such as 
acrylanrido, cWoroazomerhtoe, allyloxy-azomethine groups .0 give absorber,, ma.erials (Hob. 
et al., US 4,1 17,222, Sep 26, 15178, 536/50). 

There rs still a contrnurng need for environmentally safe and economical prodncrble 
polvsaccharide-based absorbents and superabsorbents and in pan.cular polysaccharide-based 
absorbents and superabsorbents with a. least a significant biodegradabrlity 

Accordingly rt would be advantageous .0 be able to make a cross-linked polysacchar.de 
(and in particular a cross-linked starch) by exp.oi.ing a cross-linking agent(s) givtng rrse .0 a 



^ product ha. '%rabie - absorpuon propert.es ^ * paroctuar >e 
odvmtagWU8 .o be * to make a crowed poiysaccharide (and >n parocula, a cross-hnked 

t0 be ab!e to «o be able .0 make a crowed po,ysaccoa„de (and iP particuia, a crossed 

starcb) by « a —(•) » » Pr0dUCt ^ 

desirable biodegradability properties. 



STATEMENT OF INVENTION 

The present invention in one aspect reia.es .0 a cross-linked P olysacc b ar,de(s) (e g a 
cross-linked starch), said cross-nnked po,ysacchande(s) (e g . cross-lmked starch), bemg a 
po.ysacchande (e.g. .arch) crossed by an e,her linkage consisting of a backbone chain of 
atoms, sa.d backbone cha,n of atoms consisting of two ternnnal ether oxygen atoms, one or more 
.ntermedtate oxygen link atoms and two or more -CH, Unk groups, each oxygen b* atom 
being an ether oxygen atom. The backbone cham of atoms may thus be considered to have the 
formula 1 



O Linker — — O 



w here,n sa,d Unker consrsts of one or more in—a etber oxygen iink atoms and two or 
m ore -CH,- .mk groups (e.g. tbe Linker may be -OVO-CH,-); as may be seen Ore backbone 
cbffl „ of atoms of fonnuia 1 , (in addhion to .he Linker), indudes two termdnai oxygen atoms 



atoms 



spaced apan by .he Linker, these terminal oxygen atoms arc the terminal ether oxygen 
r eferred to abov e Please see for example the compound of formnia 9 beiow whmh iHus.ra.es the 



mcorporat.on of a bacKb of atoms into a crossed starter, as may b e see, 

from formula 9 the terminal oxygens are connected to the .arch rescues as ether oxygens. 

The present invention in particular relates to a crossed polysaccharides) (e.g. a 
starch) .herein the cross-Unkage is an above described ether hnkage, sa,d backbone chatn of 
atom s comprising at lea, one -O-Alky.ene- group, wherein AIM- —s one or more - 
CH,- groups, Alkylene may more particular* comprise from 1 to 5 -CH, groups (e g. Akylene 

m a y bemethylene(,^^ 
More particularly the backbone chain of atoms may have the formula 2 



-O Alkylene- 



• O Alkylene 



-o- 

n 



wherein each Alkylene is as defined above (eg.. constats of one or more -CH 2 - groups), wherein 
thctwo terminal oxygen atoms .re ether oxygen atoms, and n is an integer of from 1 to 1000 (eg 
„ may be an integer of from 1 to 100, for example n may be 1, 2 or 3) 

A backbone chain of atoms is to be unsubsu.u.ed as ind.ca.ed above However, a 
backbone chain of atoms may .f so desired be substituted by one or more -CH, and/or -CH,CH, 
groups, e g an Alkylene group may if so des.red be substituted by one or more -CH, and/or - 
CH.CH, groups, if desired other htgher alky groups may be used as substtaents 

The present invention more particularly relates to a cross-linked polysaocharide (e.g. a 
cross-linked stareh), whereinthe cross-hnkage » an above descrtbed ether Unkage, sard backbone 
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ham of atoms compnsir 



£ one -0-CH 2 -CH r group; for exar^a polysaccharide (e.g. 
star ch) cross-Unked by an above descnbed ether linkage may comprise two, three or four -O- 
CH 2 -CH,- groups in the backbone chain of atoms 

ta accede wi* the present — .be degree of cross-Unkiog * to be chosen 
k eepn,g in mind the purpose hereof, namely <o acmeve ao absorbent materia!. The degree of 
crossing may be chosen en .he bas,s of sodable expert—,, » naay for example he 
sufficient ,o ger a high CRC (as drseussed herern) w,rh high gel srrengrh values For example 
. ouanu.y as low as 0.02 g of .riglycol d.chloride may he osed ,o obtaan a hard ge. superabsorben. 
w„h aCRC of 39 g/g. The degree of cross-Unking may he determined os,n S « .echniques 

The present mvention in accordance wnh an o.he, aspect provide* a process for the 
preparation of a cross-linked polysaccharide (e.g. cross-linked starch), said cross-linked 
polysacchande being a polysaccharide (e.g. a starch) cross-linked by an erher linkage consisting 
of a backbone chain of atoms, said backbone chain of atoms consisting of two terminal ether 
oxygen Moms, one or more taennediate oxygen link atoms and two or more -CH,- hnk groops, 
each oxygen link atom being an ether oxygen atom (i.e. a backbone chain of atoms of formula 1 
above), said process comprising the step of conUacting a polysacchande (e.g. a starch) with at leas, 
one cross-linking agent selected in the group coning of activated polygene glycols of 
formula 1 a 
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» as to obtain said cross-linked polysaccharide (eg. cross-linked starch), 
wh.rein said Linker is as denned above (t, conststs of one or more intermediate ether oxygen 
M atoms and wo or more -CH 2 - link groups (eg the Luticer may he -OVO-CH,-)), and 
each X group is a group able to reae, with an alcohol hydroxy, group of said polysaccharide (eg 



starch) 

as to provide an ether oxygen atom link. 



so 



The present invention in particular a process for the preparation of a cross-linked 
polysaccharide^ g. cross-linked starch), said eroas-linked polysaccharide being a polysacchar.de 
(e.g. a srarch) cross-linked by an ether linkage consisting of a backbone charn of atoms, said 
backbone chain of atoms consisting of two terminal ether oxygenatoms, one or more mtermedia.e 
oxygen link atoms and two or more -CH r link groups, each oxygen link atom being an ether 
oxygen atom (re. a backbone chain of atoms of formula 2 above) , said process comprising the 
step of contacting a polysaccharide (e g a starch) with a. least one cross-linking agent selected 
in the group consisting of activated polyalkylenc glycols of formula 2a 



Alkylene 



'O — " — Alkylener 



2a 



J n 
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,o as to obtain said cross ^polysaccharide (e g cross-Unked at." ^ 
w herein each ArkyKne ,s as defined above (i.e. each Mky.ene copses or constats o f one or 
more -CH, groups (for example each A.ky.eae may cons.* of from , «o 5 -CH, groups (e.g. 
» m .y as mentioned above be methy.ene (re -CH,) , ethy,e„e (re -CH 2 CH,), n 
propylene (-CH 2 CH 2 CH 2 -), etc ...» 

each X group i. aa defiaed above (i.e. each X group i, a group able ro reacr an alcohol 
hydroxy! group of said polyaaccharide (e.g. starch)) 
so as to provide an ether oxygen atora link mi 

n is as defined above (i.e. a is an integer of from 1 to 1000, e.g. 1 to 100). 

Mnixture oftwo or more different cross-Unking agents as descnbed heremmay of course 
be used instead of just one linking agent. 

For the above formulae la and 2a, as well as for other act.va.ed glycols as descnbed 
herein, each X may, for example, be .he same; sMarly each Xylene may, for example, he the 
same. Each X may for example be selected from the group consisting of halogen (eg. CI, Br, 
I), -O-Ms, -O-Ts, and -O-Tt wherein Ms ts CH.SO,, Tsi S ,-CH,C s H.SC,- and Tf is CF.SO,. 



The reference to an "aicohol hydroxy! group" of a polysaccharide (e.g starch) > ro be 
uaders.ood herein as being a reference ,0 an hydroxy, group baked to a methylene type group 
(, e . a pnmary alcoho! -OWE. or a secondary alcohol =CH-QH, the alcohol hydroxy, group 
being undefined) as distinct, for exantp,e, from an "acid hydroxy, group" linked ,c a carbonyl 
group (i.e. -CO-OH , the acid hydroxy! group being underlined). 
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- The reference to : "£h» is to be underwood herem as be.r Reference to starch ft.e 
,0 a starch per se such as for example wheat starch) a* we., as to modified starch sacb as for 
example carboxyalkyl starch, starch maleate half-ester (a. described herein) and the .ike 

The activated po.yalky.ene (e.g. po.yethyleoe) glyoo.s may for examp.e be any 
po.yfi.nct.ona. 8 .yco. having any suitab.e (known) types of reactive nmctiona, groups ab.e to 
provide cross-.tukagebetween polysaccharide^, starch) components, e.g. such as, for examp.e. 
terrrnna. halogen substituted glycol, as described herein. The activated polygene (e.g. 
polyethylene) glycol compounds of formula la may, for examp.e, have an average mo.ecu.ar 
weight up to 10,000, for example up to 300 (such as from about 100 to about 300). 

A process of the present invention ,s of course to be earned out under conditions wtnch 
favour ctoss-linkage, for example, the process is to be earned out under bas.c conditions 
sufneren. to facilitate the cross linkage but avoid the hydrolysis of any hydrolysis suscepub.e 
functional groups which may be attached to the polysacchande (e.g. surch). 

A cross-hnked polysaccharide (e.g. cross-linked starch) as descttbed herein may for 
example be obtained by reacting a polysaccharide such as for example a starch (preferably 
containing one or more carboxylates groups) wrth at least one cross-linking agent selected in the 
group constituted by halogenated (e.g. CI, Br, I), mesylated, .osylated. or trifiated polyethylene 
glycol, for example a compound of formula la above wherein each Alkylene ts .CH,-CH ; - and 
each X is se.ec.ed ffomthe group consisting of halogen (e.g. CI, Br, .), -O-Ms, -O-Ts. and -O-Tf. 
wherein Ms is CH.SCV, Ts ts.p-CH.CASCV and Tf is CF,SO r . 
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The crossed ^chandes (e g. marches) accord,* ^he invention may be 
characterised by Oration on the primary hydroxy! group, of the poetic unit, then on the 
.econdaxy hydroxy, groups a, C2 or C3 carbon atoms of.be potysaceharide (e.g. starch) 

I„ accordance with the present invention a cross-linked pCysaccharides may be prepared 
by , process exiting one or more relative* inexpensive cross-Utdung agent(s) (e.g. 1.5- 
^o-3-oxopenUneO.e. a dichloropoiyethyleue oxrde)). Preferred cross-boxing agents ate 
, 5 . di ch,oro-3-oxopen,ane, ,,S-dichloro-3, 6 -dioxooctane, U >-dichoto.3,6,9-trioxoundecanea S 
we., as honrologous dichloro polyene glycol compounds «itb an average molecular wergh, 
up to 10,000. 

The polysaccharide^) (e.g. starch) may have a non-.otnc or ionic characteristic, e.g. the 
poly.ccbaride^.g.s^maynaveananlonicorcauoniccharacterisric. The po lyS accharide«s) 
may if desired or nccessa^ contatn any su,tah,e or des.ted catboxyalL-y. groups keeping in mtnd 
tire cross-Unking aspect as «H as absorbent characteristic; in particu.ar, for examp.e, 

carboxyaikyi groups therein tire alky! motety thereof comprises from 1 to IS carbon atoms e g 

1 to 3 carbon atoms. 

Preferred polysacchandes are anromc and contain carboxyalkyl groups (preferably 
carboxymethy, groups) or ba.f-ester prepared with maleic, succutic, suifosuccmic. citraconic, 
glutarrc or pbthalrc anhydride, where maleic anhydride is preferred Anromc polysacchandes also 
racl ude dicatboxylates such as iminod.ace.ate groups and tiicarboxvla.es such a, citrate groups. 

Examples of polysacchandes as starting materia, are: starch, cellulose, dextrm, 
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■ - ^ mc and / or non -ion.c derivatized, cb J^itosan and derivatives 
polygalactomannans and ^p>mc ana or non ^ 

.hereof algmate composing, gums, xantan gum, «*« 8™, •» Ante, 
pecun and g^-nke P^-es. — of « -*» ~* ^ « 

poMt o, tapioca, waxy nta,e, sorghum waxy sarghum, S a g o and modified -c.es such as 

, ■ m ^ alleviated hydroxyalkylated, acetylated, fractionated 
dextrinated, hydrolysed, oxidized, alkylated, nya y 

(e.g.araylos. and amylopectin), and physteaUy modified starches. 

The present ,nven,,on further relates to the use of a po.ysacchar.de crossed as 
bribed heretn as a biodegradable ahsorhen, or srtperahsorhent and or/and as a hypotonic 
absorbent or superabsorben, a superabsorben, be.ng for example an absorbent having an 
ahsorprion capacity with respect to of saline sohrtion of higher than . 5 g water / g cross-hnked 
polymer. 

The present invention additional relates to absorbent mixtures compris.ng a, leas, one 
blinked polysaccharide (e g. crossed starch) as described hereto and, if so des.red one 
or mo re othere known absorbents /superabsorben* such as CMC, pdyacryla.es, e.c 

A cross-linked polysaccharide or mixture thereof in accordance with the present invention 
ro y be used as an absorbent and in particular as a superabsorben, , such a cross-l.nked 
0 polysacchande or mixture .hereof may, for example, be incorporared into (i.e. contained in, 
absorbent personal hygiene products such as, for example, baby d.apera, rnco— products, 
sanitary napkins, tampons and the like. 



A cross 



-taxed polysaccharide or mixture thereof in accordance with the present invention 
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may be used in several o, ^Ucauons such as for example: food p jjecommumcation cable 
wrapping, (for nonbiodegradable polynrer). in agricultural and fores.ry appbcauons .0 reran, 
water in soil and ro release water to the roots of plants; in fire-frghring technics; bandage, arrd 
surgicai pads, for cleanup of aoidrc or basrc aqueous solurions spiUs, mcluding warer soluble 
chemicals spills and, as polymeric gels for cosmetics and phannaceuncals also known as dnrg 
delivery systems and slow release substances and; for artrficial snow. 

fa the foUowing specific reference will be made to polyethylene glycol as well as ,o 
derivatives thereof, in particular activated derivatives thereof; however, it is to be understood of 
course tha. other po.yalkylene glycols as well as outer ethe, type cross-linking agenrs are 
eontemp.a.ed in the context of me present invention keepmg in mind tha. the Unkmg agent is ,o 
be chosen so as .0 provde anunsubstiiuted backbone chain of aroms or if so desired a backbone 
chain of atoms substituted by one or more -CH, and/or -CH ; CH, groups. 

Cross-linkers (r e. cross-linking agents) used to prepare cross-lmked starches of the 
invention may to, example be chosen from among activated polyethylene glycols with average 
molecular werght varying from 100 ,o 10.000 and preferably from 1 00 to 300 

Polyethylene glycol may have the suueture as set forth in general formula 2b below 
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HO 



W 2b 



n = 1 to 1,000 and 
M n =upto 10,000 (e.g. 100 to 
300-10,000) 



Mn = average molecular weight 

Po.yethy.ene glycol, are knownto be btodegradab.e aerobe!., and attaerobtcaUy (Kawai 
p T »e Biochenustry of Degradauon of Po.yether, Cr, Re, Blo.ec, .987, 6. 273-307) and Che 
^crobial oxidarion of diethy.ene g,yco, and po.ye.hy.ene g,yco. w,,h the average mo.ecn.ar 
„e,gb. S of 200, 400, 600, ,000 and 2000 have been reported (Matsumnra S e, al. Microbia. 
tran5 fonnation of po,y(e,bylene g.yeo,)s into mono- and dicarboxyUc derivatives by apeciflc 
oxidauon of the hydroxymethy, groups, IMrmd Che*. Rap* C— », 1989, .0, 63-67 

The crocked polysaccharide, according to the present invention may he obtained by 
reacting polysaccharides such as for examp.e starch (preferably contaming carboxy.a t es groups) 
mA at .east one activated polyethylene glyco. tvhere.n the terminal hydroxy, groups are replaced 
5 by CI, Br, I, mesylates, tosylates or triflates. 

A preferred embodiment of the mvention is constituted by crosslinking starches with at 
least one activated polyethylene glycol of formula 3 below 



14 





X 
n 



M = average molecular weight 

Ms = mesylate (CH 3 S0 2 -) . 

Ts = tosylate (p-tolueDesulfonate, />-CH 3 C 6 H 4 iu 2 -; 

Tf = inflate (CF 3 S0 2 -) 



M . m a„er of esemp.ifica.ion, starches crowed with polype. d.chlonde (such as 
for exanap.e diglyco, d.chlonde offend 3 where.n each X is C, and „ is 1 <he,e,n after referred 
„ as diglyco, diehlonde 3a), •nglyco! dichloride of formula 3 wherein each X is C, 
(hereinafter referred t o as ttig.yco. diehlonde Jo), re.rag.ycol d.ch.oride of formufc 3 wherein 
each X ,s CI and n » 3 (hereinafter referred to as tetraglycol dichloride 3_c», are preferred; re 
sl noe starch is a renewable and inexpensive starrtag nra^ia) and some polyglyco, divides are 
eonrmerciany arable o, easdy prepared from po.yetnylene glycol of formula 2b above by 
.eact.onatrefl^withtlnonylchlorideinbenzeneord.chloromethaneinurepresenceofpynd.ne 



to accordance with the present mvenfion a starch ha!f ester may be cross-Baked by an 
acuvated polyethylene glycol, an example of such a starch half ester crossed wrth a 
polyethylene glycol as set forth in formula 9 below 
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\ m ^ m 
n STARCH HALF ESTER 

R = H, half ester, crosslink 
n is an integer of from 1 to 1,000 

m 1S an integer of from 1000 to 3 million for (natural) starches 

R' mav for example be selected from the group 
Stag -CH-CHC0 2 Na, -CHg&Ofi*. 
-CH-C(CH 3 )C0 2 Na, -C(CH 3 )«CHC0 2 Na, 
-(CH 2 ) 3 C0 2 Na, -(o-C0 2 Na)C 6 H», 
-CH(SOjNa)CH 2 C0 2 Na, or 
-CH 2 CH(SO,Na)C0 2 Na, etc. 



A starch half «r otformula 9, tvherem R' - -CH=CHCO,Na and n - 2, may be referred 
,o as a crossed starch maleate half ester (hereto sometimes referred to srmp.y as compound 

* or as maleate a ~* ° f « »■ «""*' * " - C ™°= N ° " " 2> 

ma y be referred to as a oross-hnked starch sncomate half ester (herein so— referred to 
simply as compound 9b or as succinate 9b); a starch half esrer of formu,a9, wherein R - 
-OMXCHJCO*. or -CffJU-CHCO*. and a =2, may be referred to as a cross-baked 
starch ctaaconate half eater (herein sometimes referred to simply as compound 9c or as 
citraconate 9c), a starch half ester of formula 9, wherein R' = -(CH : ),C0 3 Na andn-2, maybe 
refened to as a cross-linked starch glutarate hatf ester (herein sometimes referred to simply as 
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compound 9d or as gh» %), a starch half ester of formula 9, w^R = .(o-C0 2 N.)C«H. 
and n - 2, may be referred .0 as a eross-Unked starch phrhalate half ester (herein sometimes 
referred ,0 simply as compound 9e or aa phrhaiare and a srarch half esrer of formula 9, 
wherein R' = 

-CHWCHXO^a, « ^ » " 2 ' ^ be refened M " 1 

cross-linked s.arch sulfonate arccinate half esrer (herein sometimes referred ,„ simply as 

compound 9f or as sulfosuccinate 9fJ 

Tests were conducted to compare cross-linkage of polysaccharide by activated polyethylene 
glycol relative to cross-linkage by divonyisnlfone (DVS) of formula 10 
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Comparisons were conducted on the one hand with respect to cross-linked starch 
compounds of formula 11a (CMS cross-linked with DVS), and lib (starch citraconate cross- 
linked with DVS) and on the other hand of cross-linked starch compounds of formula 1 2 (CMS 
-linked with polyethylene oxide) below: 



cross- 
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R = B, half ester, crosslink 
R' = carboxymethyl 
m is as defined above 




R = H, half ester, crosslink 

R' = -COCH=C(CH 3 )C0 2 Na or 
-COC(CH 3 )=CHC0 2 Na 

m is as defined above 
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\ -m 

n STARCH or CMS 



R = H, carboxymethyl, crosslink 
m is as defined above 



12a n=l,R' = -CH 2 C0 2 Na (CMS) 
12b n - 2, R - -CH 2 C0 2 Na (CMS) 
127 n = 3,R = -CH 2 C0 2 Na (CMS) 
12d n -3,R'-H (STARCH) 
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A compound of formula 12 wherein 



n is 1 and R - -CH 2 C0 2 Na <s sometimes referred to 



herein simply as compound 12a; a compound of formula 1 2 wherein n is 2 and R 1 = -CH 2 C0 2 Na 
is sometimes referred to herein simply as compound 12b; a compound of formula 12 wherein 



n is 3 and R' = -CH 2 CQ 2 Na is sometimes 



referred to herein simply as compound 12c, and a 
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, « 11-' fem n is 3 and R' - H is sometimes j|ed to herein simply as 
compound ot formula U ■ mnlsJanQIS M 

compound 12d. 

Accordi D g.o^Zahn.W s n en ^MPA«es.(USE D viron m emalPro t ec t ionAg e ncy(EPA), 
Fate Transport and W— T«. Guides, OPPTS 8 32 3200, Zahn-WeUens / EMPA 
tK « EPA712-C-98-084, January .998), starch A maleare „alf-es,er, crossed with irigfycof 
dl cbl 0 ride 3b. (herein compound 9*> bavmg a canrrnuge region capacity (CRC) of 30 g/g in 
salin e solution, showed 77.3 %, 92.3 % and 96 f % brodegradabdity after respecfively ,4, 28 and 
46 days (see example 21 below). 

A study of the crosslinker length was performed by preparing diglycol dichloride 3a, 
rngiycol dtchforide 3i and fe.rag.ycol drchloride 3c (SOC1,, pyndine, drchioromerharre or 
benzene, reflux) Experiment* results thereby obtamed show that carboxynrerhylstarch cross- 
lmk ed w.th 0 62 % of d.viny.sutfone 10 (namely compound of formula Ha), gives a CRC of 23 

a to in *la when crosslinked with 9,85 % of triglycol 
g/g in 0 9% saline solution, compared to 30 g/g wnen cross 

dichloride 3b (nanrely, compound B». The srarch-citraoonic half ester crosshnked with 0 6% 
of d,vinylsu.fone 12 (namely, compound of formula life) were found to exh.bit agood CRC (25 
g/g), suggesting .bar carboxymerhy. groups and other carboxyalkyl groups cou,d be replaced by 
half esters The effect of divinylsulfone and friglycol dtchfonde concentration* on the water 
reMt i„ D of resulting compound of formula m, and compound 12b ,n 0.9 % sahne soiurion. 
„ shown on figure 1 Even if 1 5 tunes more quantity of triglycof dichloride is required to reach 
ft. maximunr water rerention, fire choice of the former is still advantageous since divinylsulfone 
is very expensive 
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C— d car, %-c,es and preferably ^ — 
po^^^ — ^canbep^ed.twosteps. 

_ hc . b eal k yl— ^ 

salts (Li Ca, K, Mg) Mowed by crosshnfcn g w,th activated polygene glycols. In reverse 
orderl t lSP os S1 bleco P — 

on the water retenUon. Furore, these crossed cbcxy.etbylstarcbes can also be 
prepared in one pot, without affectmg the water retention. For afcylauon an. crosslink has, 
colons are reared and sod., hydro.de, potassium hydroxide, litmm hydroxide, calcom 
MroX ide, magnesium hydroxrde, magnet ox.de, sodium or potassium carhonates, and 
sodium or potassium mcarbonates can be used. Sodium hydroxide is preferred. 

Two example reaction schemes or process flow sheets are set forth below; 
PROCESS A 



OH 




cr 



N C0 2 Na 



Starch 



I \ cr 




HaOH 30%, 70°C, 6 hrs 




CMS 



CMS - carboxymethylstarch 
R = H or carboxymetliyl- 
or crosslink 



m is as defined above 
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PROCESS B 



i 



OH 




cr 



1 NftOH 30V., 70°C, 6 hrs^ q 
2 



Starch 





pH 8.5-9 0 
room temperature 



SMA 



SMA - starch maleate half ester 
r = H or maleate half ester 
or crosslink 

in is as defined above 



10 
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Catnetot Superabsorbents Limited has reported non polysacchaxide-based copolymers 
h „ing two or more pendant carboxyltc acid groups arranged in mutual proxtmity to absorb water 
containing multivalent, particularly divalent ions(Dan and Zhong, WO 97/15367, May 0, , 1,97, 
B01D15/00). Inrnore specific examples, monomers having uvocaxboxylic acid groups attached 

to adjacent carbon atoms are particularly preferred. >n this current inversion, we report the use 
of rminodiacetic acid disodium san and chrtc acid trisodium salt as drcarboxyla.es and 
mc arboxy.a.es pendant amonrc groups .o chelate divalen, ,ons such as calcium. As a matter of 
fact , immodiacetic acid disodrum salt have been attached to starch to produce effective materials 
for heav 7 metal removal such as copper and cadmium (Rayford W. E. and Wing R. E , 
Crossed Canonic and Anionic Srarches: Preparation and Use in Heavy Metal Remova, 
Stod ^lW.31 > 3«^6 S ;«^-Wl*US«W71,D~02.imS3^O. 

*. other hand, crtric acrd also has been attached to starch through „s carboxyuc acid groups for 
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appll ca t ,o„ S as ion e*chat " ft enhance the *«, hbre content , Ata (Wmg a E , Starch 
Ctaate Preparation and .on Exchange Properties. Stored, « 
al CitrateStarch-Apphca^^^^ 

51 354-36,). Inourinventron, we nave attached sodium curate ,o starch through the secondary 
Mroxy group wrth eptCorohydrin as ,in k er arm, leaving the ,„carho*y,a.e S groups free, for 
calcium chelation and water absorption. 

CaWy, groups attach ,0 starch can he rep.aced hy m.eate 9*, succinate Jfc 
ctraconate * giutarateji ptah*»* sulfosuccina.e 9f as we,,. Starch ha!f eaters aione, 
wlt nout c— ng have heen reports ro he hiodegradahle detergent bunders (Ftnley, US 
4 029 590, June ,4, .,77, 252/S9R; Finiey, US 3,941.771. Mar 02, ,976, 260/233,) and 
b.odegradab.e non-ag.n g superabsofber, (Woif e, a., US 6,063,9,4 May .6, 2000, 536/45, 
Buchholz et al., US 5,789,570, Aug.04, U* 536/,07 ). Moreover, aiready in 1945. CaldwaU 
haS reported an amazing increase in water aosorpuve powers when starch are esterified w.,h 
m^etc, giutanc or citraconic anhydrides (CaMweU, US 2,46, ,139, Febr.OS, .949, C. 260-234, 
application January 08, 1945.). 

For the preparation of starch half esters of thts current invent.on, the crosslink with 

, . • r A firct nt 70°C followed by reaction with cyclic anhydrides 
activated polyethylene glycol is realized first at 70 L,toiioweo y 

at room temperature. 
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Samples of £»> — — ~ - g - *~ BP,0Ca - 
_ mai„ sorghum, wZ sorghum, * a. modified J - - — • 

hydrolysed, — . -*-L - ** ^ " " 

^ Ung.arin.sed - — - - — s w^ou, 

gelatinisatioD in organic solvents could be used. (Beenackers A A C M et al , An Experimental 
S w d y on t ,eCa A ox ym e t ri y ,ariono f a r anu,a r Po t a,oS I a r c h> n No ,-A qU eo US Med 1 a« 

Polyme rs 200!. 45. Other polysaccharides can also be used such as: cellulose, 

dextnns, po> yS ,aao_ and .ore iomc and/or non-iomc denvari.ed, cMrin/chitosan and 

vanthan eum caraeeenan gum, gum karaya, 
denvatives thereof, alginate composmons, gums, xantban gum, _ 

.. j,m„nn>rtal WO 00/67809, Nov.16, 2000, 
gum arable, pectm and glass-like polysacchandes (Huppe et al , wu 

A6,L ,5/28 15/30; Lane et al-, US 5,360,003, Nov.01, .9,4, 536,124). Ut general, natuta, 
^saccharides, polysaccharides Horn generic* modified organisms (CMC, and syothenc 
saccharides can be used. In a.1 cases, anionic and canonic Kmconahzations of.be selected 
polysaccharide could evenly be introduced before, during or after the crosslink 

An y other known acrivated polyethylene glycols may be used as cross-lmkers provided 
t ha, they provide a cross-linked product bavtng the desired ether linkage as desenbed beretn. 
Moreover, carboxyalky. groups artach to starch can be replaced by maleate 9», succinate 9fe, 
ctracomc * glutaric M. phthalates half esters gs, and sulfosuccinate 9f as well Starchba!, 
esters alone, without crosslink^ have been reponed to be biodegradable detergent budders 
(Fi „,e y US4,02P, 5 90,3une.4,m7,2 5 2, 8 9R ; Pinle y ,US3 l9 4,,77,,Ma r .02,.97 6 ,260/23 3 ,, 

md biodegradabie no B -a g ,n g superahsorbers (Wolf et al , US 6,063,914, May ,6, 2000, 536«5, 
Bttchholz e, al., US 5.7*9,570, Aug 04, ,99., 536/107). Moreover, already in 1945, Caldwell 



23 



h as reposed an antazin, ^ in water absorptive powers whe^rch are estenfied w,th 
nraleic, ghataric or Craconic anhydndes (Caldwell, US 2,461,139, Febr.08, .949, CI. 260-234, 
application January 08, 1945). 

For the preparation of starch half esters of this current invention, the crosslinking whh 
acuvated polyethylene glycol ,s realised first a. 70«C, followed by reaction with cyclic anhydrides 
at room temperature. 



Id 



accordance with the present invention the presence of ionic groups (i.e. anionic or 
cationic groups) may enhance the absorption character^ of a cross-hnked polysaccharide, 



Thus for e 



sample, the attachment of iminodtcarboxylic acid disodium salt of formula 13 



-CO a Na 
HN 

\ C0 2 Na 



13 



and citric acid trisodium salt of formula 14 




HO 

-C0 2 Na 



C0 2 Na 
C0 2 Na 14 
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15 



20 



„ 5tar c h , U is poss* fc ( to use, as a *** ^ epicWo,^ > 5 



15 

ci. 



. Thl s linker arm showed application to attach primary, secondary and tertiary anfines (Rayford 
W E. and Wing R. E., Crosslinked Cationic and Anionic Starches: Preparation and Use in Heavy 
Metal Removal. StarcWStarUe, 1979, 31, 361-365; Rayford and Wing, US 4,237,271, Dec 02, 
1980, 536/47) and we have adapted the procedure for the attachment of the secondary alcohol of 
•odium citrate In practice, epichlorohydrin can be attach first to starch with add catalyst, 
followed by amination with im.nodiactic acid Sodium salt (Rayford W. £. and Wing R. E., 
Crosslinked Cationic and Anionic Starches: Preparation and Use in Heavy Metal Removal 
Starch/Starke, 1979, 31, 361-365; Rayford and Wing, US 4,237,271, Dec.02, 1980, 536/47) or 
O-alkylation of sodium citrate in basic conditions. However, it has been reported that starch and 
epichlorohydrin appeared to form unstable adducts when hydrochloric acid catalysis was used 
(TrimneU D. et al. Preparation of Starch 2-Hydroxyl-3-Mercaptopropy) Ethers and Their Use in 
Graft Polymerizations, J. Appl Polymer Sc., 1978, 22, 3579-3586) Since perchloric acid is a 
better catalyst than hydrochloric acid to grve higher incorporation rate of epichlorohydrin on 
starch, (TrimneU D. et al. Preparation of Starch 2-Hydroxyl-3-Mercaptopro P yl Ethers and Their 
Use in Graft Polymerizations. J. Appl. Polymer Sc., 1978, 22, 3579-3586) and since perchloric 
acid is an explosive substance, we choose an alternative approach. Since epichlorohydrin-tertiary 
amines adducts can be prepared first in basic condition, followed by attachment to starch in basic 
condition (Zhu Z. and ZhuoR, Crosslinked Quaternary Ammonium Cornstarch Matrix for Slow 
Release of Carboxylic Groups-containing Herbicides. Starch/Starke, 2000, 52, 58-63, EDANA, 
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R _ded Test N. t ~ — n Capacity fife by Gravimetnc 
Deter— 441,-99, Febr., 1999), we have selected this alternative procedure lor the 
attachment of iminodiacetic acid disodium salt and .trie acid trisodium salt on starch 

ft is to be understood herein that if a "range" or "group of substances", "group of 
substituents or runct.onal groups" or the Uke is mentioned or if ranges of other types of a 
particular characteristic (e.g. temperature, pressure, chemical structure, concentration, molecular 
weight, time, etc.) is mentioned, the present invention relates to and explicitly incorporates herein 
each and every specific member and combination of sub-ranges or sub-groups therein whatsoever. 
Thus, any specified range or group is to be understood as a shorthand way of referring to each and 
every member of a range or group individually as well as each and every possible sub-ranges or 
sub-groups encompassed therein; and similarly with respect to any sub-ranges or sub-groups 
therein. Thus, for example, 



with respect to a time range, temperature range, a pressure range, a pH range etc , this is 
to be understood as specifically incorporating herein each and every individual time, 
temperature, presure, and pH state etc., as well as sub-ranges thereof; i.e. a temperature 
above 100° C, is to be understood as specifically referring to 101°C, 105° C and up, 110" 
20 C and up, 115° C and up, 110 to 135° C, 115' c to 135° C, 102" C to 150° C, up to 210* 

C, etc.; 



and 



with respect to a class or group of substituents or functional groups, this is to be 
understood as specifically incoiporatmg herein each and every individual member of the 
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class or group as ^ sub-classes or sub-groups thereof; inference to aikyl of 1 
to 5 carbon atoms is to be understood as specifically referring to each and every 
individual alley! group (e.g. methyl, propyl, butyl, etc ) as well as to subgroups such as 
2 to 5 carbon atoms, 1 to 3 carbon atoms, 2 to 4 carbon atoms etc. 
and similarly with respect to other parameters such as, concentrations, molecular weights, etc. 

In the drawings which illustrate example embodiments of the present invention: 

Figure 1 : Effect of triglycol dichloride (T 3 G-diCl) and divinyl sulfone (DVS) 
concentrations on crosslinked carboxymethylstarch* CRC; 

Figure 2: Effect of sodium chloroacetate (SCA) and diglycol dichloride (DG-diCl) 

concentrations on starch derivatives' CRC; 
Figure 3: Effect of sodium chloroacetate (SCA) and triglycol dichloride (T,G-diCl) 

concentrations on starch derivatives' CRC, 
Figure 4: Effect of sodium chloroacetate (SCA) and tetraglycol dichloride (T 4 G-diCl) 

concentrations on starch derivatives' CRC; 
Figure 5. Effect of maleic anhydride (MA) and triglycol dichloride (T 3 G-diCl) 
concentrations on starch derivatives' CRC - Optimization study; and 
20 Figure 6: Effect of maleic anhydride (MA) and triglycol dichloride (T 3 G-diCl) 
concentrations on starch derivatives' CRC - Optimization study. 
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Centrifuge Retention C 



£y (CRC) £ 



The centrifuge retention capacity (CRC) has been measured by the following procedure 
whrch represents a modified procedure from the ED ANA test method (EDANA, Recommended 
Test Method: Centrifuge Retention Capacity in Saline by Gravimetric Determination 441.1-99, 
Febr., 1999) and a modified procedure described by Annergren and Lundstrom (Annergren and 
Lundstrom. WO 00/21581, Apr.20, 2000, A61L 15/28, 15/60.). 

Two empty 15 ml test tubes (duplicata) are weighted (TJ. Samples around 0.3 g ± 0.005 
g (S) or, introduced into both tubes. Saline solution (0.9 %, 10 ml) is added and the gel is 
vortexed for 1 minute then allowed to stand for 1 5 mmutes. Tubes are centnfuged at 2000RPM 
for 5 minutes and the upper aqueous layer is decanted at 30" angle for 5 seconds and tubes are 
weighted again (TJ. In case there is no aqueous layer, the procedure is repeated with 0.2 g ± 
0,005 g samples. CRC is calculated according to the equation (1) and is expressed in g of saline 
solution per g of absorbent. 

CRC = Ts-Te-S (1) 
S 

20 Those skilled in the art will gain further and better understanding of this invent.on and the 

new and important advantages, which is offered from the following illustrative, but not limiting, 
examples of this invention as it has been carried out. 
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Gel Strength 



The gel strength is arbitrary measured on a 0 to 5 scale, where 0 = no gel, (liquid), I - 
5 viscous liquid, 2 = soft gel, 3 = medium geL 4 = hard gel and 5 = very hard gel 
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Biodegradability 

According to the United States Environmental Protection Agency (EPA), the Zahn- 
Wellens test is useful to test the biodegradability of a substance soluble in water to at least 50 mg 
of dissolved organ.c carbon (DOC) per litre (US Environmental Protection Agency (EPA), Fate, 
Transport and Transformation Test Guidelines, OPPTS 832.3200, Zabn-WeUens / EMPA test, 
EPA712-C-98-084, January 1998). For substances which are not completely soluble it offers 
only a qualitative indication of whether these substances are basically susceptible to biological 
degradation or not (Buchholz et al, US 5,789,570, Aug.04, 1998, 536/107). 

We used activated sludge to evaluate the biodegradability of compound 9a (example 2 1). 
Technicon carbon analyser has been used to measure DOC and the percentage of biodegradability 
has been calculated according to DOC obtained and reported in the equation given in reference 
36 Compound 9a showed no toxicity for microorganisms and no toxic product have been 
detected to destroy the aquatic flora, particularly the micro crustacean; Daphma magna. The 
blank used was the mineral medium alone and the positive control was ethylene glycol, which 
showed 100% biodegradability after 14 days. 
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Preparation of crosslinkers 



EXAMPLE 1 



Preparation 



ioD of the l,5-dichloro-3-oxapentane (diglycol dichloride 3a) 



10.0 g (94 mmol) of diethylene glycol were dissolved in 100 ml benzene. To this solution. 30 8 
ml (4 eq.) of pyndine were added, followed by a dropwtse addition of 27.5 ml (4 eq.) of 
thionylchloride. The reaction rmxture was heated at reflux for 24 hours. At room temperature, 
the organic layer was decanted from the pyridinium hydrochloride salt, washed with 150 ml of 
water, dried on anhydrous sodium sulfate, filtered and evaporated to dryness to give 8 4g ( 65% 
y^ld) of the dichloride as a light yellow hquid, used without further purification Infrared 
spectroscopy showed the absence of hydroxyl band. 
1R (neat): 2964, 2865, 1450, 1 125, 747, 669 cm" 1 . 



EXAMPLE 2 



Preparation of l,8-dichloro-3,6-dioxaoctane (triglycol dichloride 3b) 

10 0 g (67 mmol) of triethylene glycol were treated as example 1 with 22 ml (4 eq.) of pyndine 
and 19 ml (4 eq.) of thionylchloride to give 8 .8 g (62 % yield) of the dichloride as a yellow oil, 
used without further purification. Infrared spectroscopy showed the absence of hydroxy! band 
IR (neat); 2962, 2870, 1452, 1 123, 747, 666 cm' 1 . 
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EXAMPLE 3 



Preparation 



of 1,1 i-dichloro-3,6,9-trioxaundecanc (tetraglyco) dichlonde 3c). 



10.0 g (52 mmol) of tetraethylene glycol were treated as example 1 with 17 ml 
(4 cq. ) of pyridine and 1 5 ml (4 eq.) of thronylchloride to give 7.2g (61 % yield) of the dichlonde 
as a yellow oil, used without further purification. Infrared spectroscopy showed the absence of 
hydroxyl band. 

IR(neat): 2951, 2870, 1459, 1118, 746, 665 cm 1 . 

Comparison of Divinylsulfone and trigfycol dichloride as crosslinkers to obtain starch- 

based superabsorbents (figures 1,2) 

EXAMPLE 4 

Preparation of a carboxymethylstarch, crosslinks with 0 62 % w/w divinylsulfone; 
compound 11a . 

2.0 g (12.3 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 40 ml 
of deionized water. Under stirring, 3.5 ml 30% NaOH (26.3 mmol, 2. leq.) was added dropw.se 
and the solution stirred at room temperature for 1 hour. Chloroacetic acid (1 . 16 g, 12.3 mmol, 
1 eq), dissolved in 10 ml of deionized water and neutralized with 1 .6 ml 30% NaOH (12.3 mmol, 
1 eq.) was added dropwise and the react.on mixture was heated at 70"C for 24 hours. At room 
temperature, 12mg (0.62 we.ght %) of divinylsulfone dissolved in 10ml acetone, was added 
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dropwse and .be soiuuo. furred for 2 hours The po.ymer ^puated wirh ,00 ml of 
met hanol, triced in a Mender, ™hed wrth 3 portions of 60 ml methane., Shared and dry a. 
60-C for ,6 hours .0 gWe , ,97g of a while sohd The solid was grinded with a coffee grinder ,o 
get compound lla as a fine powder. 

lR(KBr): 3428, 2928, 1611, 1430, 1159, 1083, 1020,762,711,577 cm 1 
CRC - 23 g/g 



EXAMPLE 5 



| Preparation of a carboxymethylstarch, crosslmked with 39.38% w/w divinylsulfone: 

jgl^ compound lla . 

m 2.0 g of wheat starch A was treated as in example 4 with 0.784 g (39.38 weight %) of 
H divinylsulfone dissolved in 1 0 ml acetone to give 2.3 5 g of compound lla as a fine white powder. 
El IR (KBr): , 3427, 2927, 1603, 1415, 1321, 1154, 1083, 1025, 712, 578 cm 1 . 
M CRC = 5 .7 g/g 

The CRC results for the materials of examples 4 and 5, as well as for starting concentrations are 
shown in table I and figure 1, below, table 1 appearing after the examples below 

20 
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EXAMPLE 6 



Preparation of carboxym««hyls,arch, crosslinked with 9.85 % W« tnglycol tehlonde: 
compound 12b. 

2.0 g (12.3 mmol) of wheat starch A ( Supercell 1201-C, ADM/OgUvie) was suspended in 40 ml 
of denized water. Under stirring, 3.5 ml 30 % NaOH (26 3 mmol, 2 leq ) was added dropwise 
and the solution stirred at room temperature for 1 hour. Chloroacetic acid (1.16 g, 12.3 mmol, 
1.0 eq), dissolved in 10 ml of deionized water and neutralized with 1.6 nil 30 % NaOH (12.3 
mmol, 1 0 eq.) was added dropwise and the reaction mixture was heated at 70°C for 24 hours 
At room temperature, 0.197g(9.85 weight %) of tnglycol dicbloride dissolved in 10ml acetone, 
was added dropwise and the solution was heated at 70»C for 24 hours. The polymer was 
precipitated with 100 ml of methanol, triturated in a blender, washed with 3 portions of 60 ml 
methanol, filtered and dry at 60°C for 16 hours to give 1.95g of a white solid. The solid was 
grinded with a coffee grinder to get compound 12b as fine powder. 

IR(KBr); 3408, 2929, 1607, 1423, 1327, 1158, 1083, 1021, 937, 849, 762, 710, 581, 530cm-'. 
CRC = 0 g/g 
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EXAMPLE 7 

Preparat.cn of carboxymethylstarch, crosshnked with 40% w/w tnglycol d.chloride: 
5 compound 12b 

2.0 g of wheat starch A was treated as in example 6 with 0.80 g (40 weight %) of tnglycol 
dichlonde dissolved in 10ml acetone to give 2.06g of compound 12b as a fine white powder. 
IR(KBr): 3404, 2928, 1607, 1424, 1327, 1155, 1084, 1020, 934, 849, 762, 710, 580, 530cm- 1 . 
10 CRC = 21 g/g 



The CRC results for the materials of examples 6 and 7 , as well as for other starting 
concentrations are shown in table II and figure 1, below, table II appeanng after the examples 
below. 



Referring to Figure 1, this figure illustrates the " Effect of triglycol dichloride (T 3 G-diCl) 
and divinyl sulfone (DVS) concentrations on crosslinked carboxymethylstarch' CRC". The 
figure 1 shows that for the crosslinking of carboxymethylstarch (1 .0 eq sodium chloroacetate 
used), the optimum concentration of divinylsulfone is reached at lower concentration than 
20 triglycol dichloride. A concentration of 0.62 % of divinylsulfone gives a CRC of 23 g/g and a 
concentration of 9 85 % of triglycol dichloride gives a CRC of 30 g/g Therefore, tnglycol 
dichlonde is superior to divinylsulfone as crosslinks for carboxy methyl starch to obtain high 
CRC. The figure also shows that at low concentration of tnglycol dichloride (0 to 5 % weight), 
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0 o ge! is ob^ed and a , ^radon as .ow as 0, , % weigh, of .f**. * suffice, to 
obtain a gel. 



0 /«HU.m c/./^ ,Wi«^r fc«ft and crosslink* 

Concentration on CRC (figures 2-4) 

EXAMPLE 8 

Preparation of carboxymethylstarch, with 0.25 eq sodium chloroacetate and without 
crosslinkage. 

2.0 g (12.3 mmol) of wheat starcb A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 40 ml 
of denized water. Under stirring at 2000 rpm, 5.0 ml 30% NaOH (37 mmol, 3.0 eq.) was added 
dropw,se and the solution stirred at room temperature for 1 hour. Sodium chloroacetate (1. 13ml, 
2.74 M, 310 mmol, 0.25 eq) was added dropwise and the reaction mixture was heated at 70°C 
for 16 hours. The polymer was precipitated with 75 ml of methanol, and the mother liquor is 
discarded. The polymer is triturated in a blender with 150ml methanol, filtered, washed with 3 
portions of 50 ml methanol, and dry at 60°C for 16 hours to give carboxymethylstarch as a fine 
white powder after grinding. 
CRC - 1 g/g 
Gel Strength (GS) = 0 
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EXAMPLE 9 



of carboxyme.hyU.arch with 2.0 „. sodium chloroacetate and crossed 
with 0.05 eq. diglycol dichloride: compound 12a. 

2.0g (12.3 mmol) of wheat starch A ( SuperceL. 1201-C, ADM/OgiMe) was suspended in 40 ml 
of deionized water. Under stirring at 2000 rpm, 5.0 ml 30% NaOH(37 mmol, 3.0 eq.) was added 
dropwise and the solution stirred at room temperature for 1 hour. Sodtum chloroacetate (9.0 ml, 
2.74 M, 24.7 mmol, 2.0 eq) was added dropwise followed by diglycol dichloride (88 mg, 6. 17 
mmol, 0.05 eq.), weighted in 1 .0 ml seringue, and the reaction mixture was heated at 70°C for 16 
hours. The polymer was treated as in example 9 to give compound 12a as a fine powder. 

CRC = 52 g/g 

Gel strength(GS) - 2 

EXAMPLE 10 

PreparaUonofcarboxymethylstarchwithO.Seqsodiumchloroacetate and crosslinked with 
0 20eq diglycol dichloride: compound 12a 

2.0 g (12.3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (2.26 
ml, 2.74 M, 6.17 mmol, 0.5 eq) and diglycol dichloride (353 mg, 2.47 mmol, 0.20 eq.) to give 
compound 12a as a fine powder. 
CRC = 1 1 g/g 
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Gel strength (GS) - 4 



EXAMPLE 1 1 



Preparation of carboxyme.hyls.ar* with 2.0 eq. sodrum chloroacetaK and crosslinked 
with 0 20 eq. diglycol dichloride. compound 12a 

2 0 g (12.3 mmol) of wheat starch A was treated as in example 9 with sodium cbloroacetate (9.0 

ml, 2.74 M, 24.7 mmol, 2.0 eq.) and diglycol dichloride (353 mg, 2.47 mmol, 0.20 eq.) to give 

compound 12a as a fine powder 

CRC - 33 g/g 

Gel strength (GS) = 4 



I The CRC and gel strength results for the materials of examples 8 to 1 1 , as well as for 



other starting concentrations are shown in table 111 and figure 2, below, table III appearing after 
the examples below. 



Referring to figure 2, this figure illustrates the effect of sodium cbloroacetate (SCA) and 
diglycol dichloride (DG-diCl) concentrations on starch derivatives' CRC. The figure 2 (and 
20 table III) show that no gel are obtained when no crosslinker (diglycol dichlonde) is used. When 
only the crosslinker is attached to starch in the absence of sodium chloroacetate, a viscous liquid 
absorbent (CRC of 9 g/g and GS of 1 from table 111) can be obtained (0. 15 eq diglycol dichloride, 
no sodium chloroacetate). The figure also shows the concentration region when it is possible to 
obtain superabsorbency (CRC greater than 1 5 g/g in saline solution) with a CRC maximum of 
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52g /g, whenOOSeqot £>l d.chlonde and 2.00 eq of ,od.um ■ ^acetate are used For 
.his experiment, only a soft gel is obta,ned (GS of 2 from table III). According ,0 table III, hard 
gels are especially obriuned when 0.20 e q of diglyco, dichloride, independemly ofrhe sodium 
chloroacetate concentrate used. The best result obtanred with d. s lyco. dichoride in term of 
CRC and OS has been found to b. respectively 36 gfe »d 5, when 0.25 e q of diglycol dichlor.de 
and 2.0 eq of sodium chloroacetate are used. 



EXAMPLE 12 

Preparation of carboxymethylstarch with 0,5 eq. sodium chloroacetate and crosslinked 
with 0 05 eq tnglycol dichloride: compound 12b. 

2.0 g (12.3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (2.3 
ml, 2.74 M, 6. 17 mmol, 0.5 eq.) and tnglycolglycol dichloride (1 15 mg, 0.62 mmol, 0.05 eq.) to 
give compound 12b as a fine powder 

CRC = 1 1 g/g 
Gel strength (GS) = 2 

20 EXAMPLE 13 

Preparation of carboxymethylstarch with 2.0 eq. sodium chloroacetate and crosslinked 
with 0. 10 eq. triglycol dichloride: compound 12b. 
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2.0 , (.2.3 m mo„ of wh. ^ch A was treated as m exaoap.e 9 wttgiium ehloroacetate (».0 

^ 2 74 M, 24 7 ™ol, 2. j!,.) and tt.glycolg.yco, dichlo.de (US* 0 062 otmo,, 0 05 e„.) 

to give compound 12b as a fine powder 

CRC = 49 g/g 

Gel strength (GS) = 3 



EXAMPLE 14 

Preparation of carboxymethylstarch with 1.5 eq. sodium chloroacetate and crosshnked 
10 with 0.1 5eq. triglycol dichloride; compound 12b. 



2.0 g (12 3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (6.8 

ml, 2.74 M, 18.5 mmol, 1.5 eq.) and tnglycolglycol dichloride (346 mg, 1.85 mmol, 0.15 eq.) to 

give compound 12b as a fine powder. 

CRC - 27 g/g 

Gel strength (GS) = 5 

EXAMPLE 15 



20 Preparat.on of carboxymethylstarch with 0.25 eq. sodium chloroacetate and crosslinked 

with 0.20 eq. triglycol dichloride, compound 12b. 
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2.0 g (12 3 tntno!) of wl f i A was treated as it, example 9 wit^iium chloroacetate (1.1 
„J, 2.74 M, 3.09 mmol, 0.25 eq.) and triglycolglycol dicMonde (46" 2 47 mmol, 0.20 eq.) 
to give compound 12b as a fine powder 
CRC = 15 g/g 
5 Gel strength (GS) - 2 

The effect of sodium chloroacetate (SCA) and triglycol dichloride (T 3 G-diCl) 
concentrates on starch derivatives' CRC for the materials of examples 12 to 15 , as well as for 
other starting concentrations are shown in table IV and figure 3, below, table TV appearing after 
Lp the examples below. 

Referring to figure 3, this figure illustrates the dffect of sodium chloroacetate (SCA) and 
triglycol dichloride (T 3 G-diCl) concentrations on starch derivatives' CRC The figure 3 ( and 
table IV) shows that a medium gel or hard gel absorbent are obtained when the crosslinker 
(triglycol dichloride) is used, without sodium chloroacetate. More specifically, 0 15 eq of 
triglycol dichloride gives a hard gel absorbent with a CRC of 10 g/g. The figure also shows the 
concentration region for superabsorbency (CRC higher than 15 g/g in saline solution) with a 
CRC maximum of 49 g/g, when 0.10 eq of diglycol dichloride and 2.00 eq of sodmm 
chloroacetate are used. For this experiment, a medium gel is obtained (GS of 3 from table IV). 
20 According to table IV, very hard gels are obtained when 0. 15 eq of triglycol dichloride are used, 
with sodium chloroacetate concentration varying from 1.0 eq to 1.5 eq and with 0.20 eq of 
triglycol dichloride with 2 0 eq. of sodium chloroacetate For very hard gels, the optimum is 
reached at a CRC of 27 g/g (0.20 eq. tnglycol dichloride and 2.0 eq sodium chloroacetate) 
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EXAMPLE 16 



Preparation of carboxymethylstarch with 0.50 eq. sodium chloroacetate and crosslink 
with 0.05 eq. tetraglycol dichloride: compound 12c. 

2.0 g (12.3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (2.3 

m |, 2.74 M, 6. 17 mmol, 0.50 eq.) and tetraglycolglycol d lC hloride(143 mg, 0.617 mmol, 0.05 eq.) 

to give compound 12c as a fine powder. 

CRC = 17 g/g 

Gel strength (GS) - 5 

EXAMPLE 17 

Preparation of carboxymethylstarch with 2.0 eq. sodium chloroacetate and crosslinked 
with 0 05 eq tetraglycol dichloride: compound 12c 

2.0 g (12 3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (9.0 

ml, 2.74 M, 24.7 mmol, 2.0 eq.) and tetraglycolglycol dichloride (143 mg, 0.617 mmol, 0,05 eq.) 

to give compound 12c as a fine powder. 

CRC - 33 g/g 

Gel strength (GS) == 5 
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* 

EXAMPLE 18 



Preparation of carboxymethylstarcb with 1.0 eq. sodium chloroacetate and crosslinked 
with 0.15 eq. tetraglycol dichloride: compound 12c 

2.0 g (12.3 mmol) of wheat starch A was treated as in example 9 with sodium chloroacetate (4 5 

ml, 2.74 M, 12.3 mmol, 1.0 eq.) and tetraglycolglycol dichloride (428 mg, 1 85 mmol, 0.15 eq.) 

to give compound 12c as a fine powder. 

CRC - 25 g/g 

Gel strength (GS) = 3 



EXAMPLE 19 



Preparation of starch crosslinked with 0.25 eq tetraglycol dichloride: compound 12cl 

2.0 g (1 2.3 mmol) of wheat starch A was treated as in example 9 except that sodium chloroacetate 

was omitted and tetraglycol dichloride (713 mg, 3.09 mmol, 0.25 eq.) was used to give compound 

12d as a fine powder 

CRC - 17 g/g 

Gel strength (GS) = 3 

The effect of sodium chloroacetate (SCA) and triglycol dichloride (T 3 G-diCl) 
concentrations on starch derivatives' CRC for the materials of examples 16 to 19 , as well as for 
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od» Sl an,ng coace nt ra ^re shown ,„ ,ab,« IV and ftgure 3 . M^ab.e IV appeanng afte, 
the examples below. 



Referring to figure 4, this figure illustrates the effect of sodium chloroacetate (SCA) and 
5 tetraglycol dichloride (T.G-diCl) concentrations on starch derivatives' CRC. The figure 4 (and 
table V) shows that a medium gel superabsorbents is obtained when the crosshnker (tetraglycol 
dichloride) is used, without sodium chloroacetate. More specifically, 0.25 eq of tetraglycol 
dichloride gives a medium gel superabsorbent with a CRC of 1 7 g/g. The figure also shows the 
concentration region where saperabsorbency (CRC liigher than 1 5 g/g) is obtained with a CRC 
10 maximum of 33 g/g, when 0.05 eq of tetraglycol dichloride and 2 0 eq of sodium chloroacetate 
are used. For this experiment, a very hard gel is obtained (GS of 5 from table V). According to 
table V, very hard gels are frequently obtained with tetraglycol dichloride by comparison to other 
crosslinkers (tables III and IV). For very hard gels, the optimum is reached at a CRC of 27 g/g 
(0.15 eq. Triglycol dichloride and 1.5 eq sodium chloroacetate). 



Other carhoxylate groups 

EXAMPLE 20 

20 Preparation of starch citraconate half ester, crosslinked with 0 62% w/w divinylsulfone; 

compound lib 

2.0 g (12.3 mmol) of wheat starch A ( Supercell 1201-C, ADM/Qgilvie) was suspended in 40 ml 
of deionized water. Under stirring, 5.0 ml 30% NaOH (37.5 mmol, 3 eq.) was added dropwise 
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and the solution stirred, ^remperature for 1 hour Ci.raconic a^rrdc (1 73 g, 13 3 mmol, 
U c, ), drssolved to 10 ml acetone was added dropwrse and the reaction mixture was surred a. 
ro om remperature for 2 hours 1 2 mg (0 62%) of divmylsulfone, drssolved to 10ml aeetone, war 
added dropwiae and the solution was surred for 2 hours. The polymer was .reared as to example 
4 to give 1 .92 g of compound lib as a fine white powder. 

JR (KBr): 3399, 2929, 1715, 1644, 1571, 1446, 1407, 1276, 1153, 1081, 1026, 930, 853, 762, 

710, 579, 530 cm" 1 . 

CRC = 25 g/g 

Gel strength (GS) = 5 



EXAMPLE 21 



Preparation of starch maleate half ester, crosslinked with 0 08 eq. tnglycol dichloride; 
compound 9a. 

6.0 g (37. 1 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 120 
ml of deionized water. Under stirnng, 2.5 ml 30% NaOH (18.6 mmol, 0.5 eq.) was added 
dropwise and the solution stirred at room temperature for 1 hour. TrigJycol dichlonde (0.5 ml, 
2.97 mmol, O.OSeq ) was added and the solution was heated at 70°C for 16 hours. After cooling 
at room temperature, maleic anhydride (18 ml, 1.64M in ethyl acetate, 29.6 mmol, O.Seq.) was 
added and the two phases mixture was vigorously st.rred at room temperature for 1 hour. The 
polymer was precipitated with 225 ml of methanol, and the mother liquor is discarded. The 
polymer is triturated in a blender with 450 ml methanol, filtered, washed with 3 portions of 1 50 
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methanol and dry a, 1 £r 16 hoomo give after gnnding, 6.5^com P ound H as a fine 
white powder. 

IR (KBr): 3398, 2931, .720, 1632, 1583, 1423, .35!, 1304, ,228, 1,55, .081, .024,934,850, 

762, 709,610, 578, 530 cm- 1 . 

CRC « 33 g/g 

Gel strength (GS) = 5 

Biodegradability: 77.3, 92.3 and 96. 1% after 14, 28 and 46 days, respectively 



EXAMPLE 22 



Preparation of disodium iminodicarboxyiate epichlorohydrin adduct 16 




N 



16 



CQ 2 Na 



-C0 2 Na 



15 



20 



iminodiactic acid (3.28 g, 24,6 mmol) was dissolved in 6,6 ml 30% NaOH (2.0 eq) and 
epichlorohydrin (1.92 ml, 24.6 mmol) was added. The heterogeneous react.on mixture was 
stirred at room temperature for 2 hours to g.ve an homogeneous solution which was completed 
to 20 ml with de.onized water. Samples of this stock solution were used without further 
purmcation. Since the reaction has been done with a strong base (NaOH), we expect the presence 
of the epoxide group instead of the N-(3-chloro-2-hydroxypro P yl) group, as reported by Zhu and 
Zhuo (Zhu Z. and Zhuo R., Crosslinked Quaternary Ammonium Cornstarch Matrix for Slow 
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Release of Carboxylic t ^-containing Herbicides. Starch/Star^^ 52, 58-63.) for a 
reaction between epichlorohydrin and trimethylamine at pH 9. 1 



EXAMPLE 23 

Preparation of trisodium citrate epichlorohydrin adduct 17 




Tnsodmm citrate (7.23 g, 24.6 mmol) was dissolved in 3.3 ml 30% NaOH (1.0 eq.) and 
epichlorohydrin (1 92 ml, 24.6 mmol) was added. The heterogeneous reaction mixture was 
stirred at room temperature for 16 hours to give an homogeneous solution which was completed 
to 20 ml with deionized water. Samples of this stock solution were used without farther 
purification. For the same reason discussed in example 22, we expect the presence of the epoxide 
group in the adduct. 
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EXAMPLE 24 

Preparation of starch d.carboxylates of formula 18a 




R = H, dicarboxvlate, crosslink 

18a 

n = 2 

m is as defined above 



n STARCH DICARBOXYLATE 



2.0 g (12.3 mmol) ofwheat starch A was suspended in 40 ml of deionized water. Under string, 
3 3 ml 30% NaOH (24.3 mmol, 2.0eq.) was added dropwise and the solution stirred at room 
temperature for 1 hour The disodium iminidiacetate epichlorohydnn adduct solution (15.0 ml 
18 45 mmol, 1 5 eq), was added dropwise, followed by triglycol dichloride (0.30 ml, 1.85 mmol, 
0. 1 5 eq.) and the react.on mixture was heated at 70°C for 24 hours The polymer was treated as 
in example 9 to give compound 18a as a fine powder. 

IR (KBr): 3408, 2929, 1607, 1423, 1327, 1158, 1083, 1021, 937, 849, 762, 710, 581, 530cm 1 . 

CRC - 24 g/g 

Gel strength (GS) = 4 
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EXAMPLE 25 



# 



Preparation of starch tricarboxylates of formula 19a 





R = H, tricarboxylate, crosslink 
n = 2 

m is as defined above 



2.0 g (12.3 mmol) of wheat starch A was suspended in 40 ml of deiomzed water. Under stirring, 
3.3 ml 30 % NaOH (24 3 mmol, 2.0 eq.) was added dropwise and the solution stirred at room 
temperature for 1 hour. The trisodium citrate epichlorohydrin adduct solution (15.0 ml 18 45 
mmol, 1.5 eq), was added dropwise, followed by triglycol dichloride (0 30 ml, 1 .85 mmol, 0. 1 5 
eq.) and the reaction mixture was heated at 70°C for 24 hours. The polymer was treated as in 
example 9 to give compound l£a as a fine powder. 

IR(KBr): 3408, 2929, 1607, 1423, 1327, 1158, 1083, 1021, 937, 849, 762, 710, 581, 530cm 1 

CRC = 23 g/g 

Gel strength (GS) - 4 
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Centrifugal reunion c^by and gel length Opinio for^cX maleaU Ha,fes,er, 
.linked with trislycol dichloride, compound 9a, (figures S and 6) 



crossl 



EXAMPLE 26 

Preparation of starch crosslmked with 0.03 eq. tnglycol dichlonde, compound 12d, 

2.0 g (12 3 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended m 40 nil 
of deionized water. Under stirring, 0.82 ml 30% NaOH (6.17 mmol, 0.50 eq.) was added 
dropwise and the solution stirred at room temperature for 1 hour. Tnglycol d 1C hloride (0.5 ml, 
2 97 mmol, 0 08 eq.) was added and the solution was heated at 70»C for 16 hours. After cooling 
at room temperature, the pH was adjusted between 8.5 and 9 0 and the polymer was precipitated 
with 150 ml of methanol, and the mother liquor is discarded. The polymer is triturated in a 
blender with 150 ml methanol, filtered, washed with 2 portions of 50 ml methanol, and dry at 
60°C for 16 hours to give after grinding, compound 12d as a fine white powder. 
IR (KBr); 3387,2927,2891, 1641, 1464, 1432, 1370, 1156, 1081, 1023,930, 850, 762,711 and 

680 cm" 1 

CRC = 17 g/g 

Gel strength (GS) - 4 



EXAMPLE 27 



Preparation 



of starch maleate half ester with 1,05 eq. maleic anhydride, and crosslink 
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with 0.03 eq. triglycol di compound 9a, £ 

2.0 g 02.3 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 40 ml 
of deionized water. Under stirring, 0 82 ml 30 % NaOH (6.17 mmol, 0.50 eq.) was added 
dropwise and the soluUon stirred at room temperature for 1 hour. Triglycol d.chlonde (69 mg, 
0.37 mmol, 0.03 eq.) was added and the solution was heated at 70°C for 1 6 hours After cooling 
at room temperature, the P H was adjusted between 8.5 to 9.0 and maleic anhydride (8.9 ml, 1 .45 
M in ethyl acetate, 13.0 mmol, 1.05 eq.) was slowly added and the aquous mixture containing 
ethyl acetate droplets was vigorously stirred at 300 RPM at room temperature. During the 
addition, the pH was carefully maintained between 8.5 and 9.0 with 10% HCl solution. At the 
end of the addition, when the pH remained constant between 8. 5 and 9 0, the reaction mixture was 
allowed to stand for 30 min. under stirring at 300 RPM. The polymer was then precipitated with 

150 ml of methanol, and the mother liquor was discarded. The polymer was triturated in a 
blender with 150 ml methanol, filtered, washed with 2 portions of 50 ml methanol, and dry at 

60°C for 16 hours to give after grinding, compound 9a as a fine white powder. 

IR(KBr). 3424, 2942, 2162, 2061, 1728, 1641, 1590, 1469, 1430, 1352, 1287, 1220, 1 178, 1 156, 

1080, 1019, 852, 817, 763 and 711 cm -1 . 

CRC - 40 g/g 

Gel strength (GS) = 4 



EXAMPLE 28 



Preparation of starch maleate half ester with 0.52 eq. maleic anhydride, and 
with 0.18 eq. triglycol dichloride, compound 9a. 

50 



2.0 g (12.3 mmol) of wheat starch A was treated as in example 27 with triglycol dichloride (416 
nig, 2.22 mmol, 0. 1 8 eq.) and maleic anhydride (4.5 ml, 1 .45 M in ethyl acetate, 6.47 mmol, 0.52 
eq.) to give compound 9a as a fine white powder, 

IR(KBr): 3417,2928, 2152,2066, 1724, 1638, 1584, 1462, 1429, 1381, 1353, 1295, 1217, 1156, 

1108, 1081, 1022, 931, 900, 852, 814, 763 and 711 cm'V 

CRC - 34 g/g 

Gel strength (GS) - 4 



EXAMPLE 29 



Preparation of starch maleate balf ester with 0.50 eq maleic anhydride, without 
crosslinking 

3 .0 g (18.52 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 60 
ml of deionized water. Under stirring, 1.23 ml 30 % NaOH (9.26 mmol, 0.50 eq.) was added 
dropwise and the solution stirred at room temperature for 1 hour The pH was adjusted between 
8.5 and 9.0 and maleic anhydride (8.9 ml, 1.45 M in ethyl acetate, 13.0 mmol, 1.05 eq.) was 
slowly added followed by the same treatment reported in example 30 with 225 ml of methanol 
for the precipitation and 2 portions of 75 ml of methanol for washing, to give starch maleate half 
ester as a fine powder 

IR(KBr): 3408,2927,2152,2051, 1712, 1647, 1576, 1459, 1432, 1373, 1302, 1237, 1206, 1158, 
1105, 1082, 1021, 994, 928, 852, 762 and 711 cm 1 . 
CRC= 15 g/g 

51 



Gel strength (GS) = 5 
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EXAMPLE 30 

Preparation of starch maleate half ester with 1.50 eq. maleic anhydride, and crosslinked 
with 0.02 eq. triglycol dichloride, compound 9^ 

3 .0 g (18 52 mmol) of wheat starch A ( Supercell 1201-C, ADM/Ogilvie) was suspended in 60 
ml of deionized water. Under stirring, 1.23 ml 30 % NaOH (9.26 mmol, 0.50 eq.) was added 
dropwise and the solution stirred at room temperature for 1 hour. Triglycol dichloride (69 mg, 
0.37 mmol, 0 02 eq.) was added and the solution was heated at 70°C for 16 hours. After cooling 
to room temperature, the pH was adjusted between 8 5 and 9.0 and maleic anhydride ( 1 9.0 ml, 
1 45 M in ethyl acetate, 27.8 mmol, 1.50 eq.) was slowly added followed by the same treatment 
reported in example 27 with 225 ml of methanol for the precipitation and 2 portions of 75 ml of 
methanol for washing, to give compound 9a, as a fine powder. 

IR(KBr) 3409, 2937,2157,2076,1724, 1638, 1583, 1428, 1351, 1279, 1219, 1177, 1158, 1077, 

1020, 936, 852, 817, 764, and 713 cm -1 . 

CRC - 28 g/g 

Gel strength (GS) - 5 

EXAMPLE 3 1 



Preparation of starch maleate half ester with 1.10 eq. maleic anhydride, and crosslinked 
with 0. 10 eq. triglycol dichloride, compound 9a. 
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3.0 g (18.52 mmol) of wheat starch A as example 30 with triglycol dichloride (346 mg, 1 85 
mmol, 0.10 eq.) and maleic anhydride (14.0 ml, 1.45 M in ethyl acetate, 20.4 mmol, 1.10 eq.), 
to give to give compound 9a, as a fine powder. 

lR(KBr): 3408, 2939, 1721, 1636, 1583, 1469, 1428, 1352, 1217, 1176, 1156, 1080, 1023, 936, 

853, 818, 763 and 712 cm" 1 . 

CRC -51 g/g 

Gel strength (GS) - 4 



Referring to figure 5 (as well as table VI) illustrate the effect of maleic anhydride (VIA) 
and tnglycol dichloride (T 3 G-diCl) concentrations on starch derivatives' CRC (Optimization 
study). The figure 5 (and table VI) show that pratically all experiments gjves products with 
superabsorbency (CRC higher than 15 g/g) with a maximum of CRC of 40 g/g, when 0.05 eq 
of triglycol dichlonde and 1 05 of maleic anhydride are used. For tins experiment, an hard gel 
is obtained (GS of 4 from table VI). Hard gel and very hard gel superabsorbents can be obtained 
by crosslinking unsubstituted starch with triglycol dichloride, when the polymer is precipitated 
at a pH between 8.5 and 9.0. For instance, an hard gel can be obtained (CRC = 1 9 g/g and GS 
= 4) with 0.12 eq of triglycol dichloride and a very hard gel (CRC = 17 and GS = 5) can be 
obtained with 0.06 eq of tnglycol dichloride. According to table VI, very hard gels 
superabsorbents are also obtained independently of the concentration of triclycol dichloride and 
maleic anhydride For very hard gels, the optimum CRC of 35 g/g can be reached in two 
experiments, one in the upper concentrations of reactants (0.18 eq triglycol dichloride and 1 25 
eq maleic anhydride), and one in the lower concentrations of reactants (0 09 eq triglycol 
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0 



dichloride and 0.75 eq maleic anhydride). 



Referring to figure 6 (as well as table VII) also illustrate the effect of male.c anhydride 




(MA) and triglycol dichloride (T 3 G-diCl) concentrates on starch derivatives 
CRC (Optimization study). The figure 6 (and table VII) show results for the opt.mization of 
CRC and GS at low concentration of reactants. All experiments give hard gels or very hard gels 
superabsorbents. Maleate starch without crosslinking can give very hard gel superabsorbent 
(CRC = 20 g/g and GS - 5). The highest CRC obtained is 51 g/g for a hard gel superabsorbent 
prepared with 0.10 eq. triglycol dichloride and 1.10 eq maleic anhydride The optimum for a 
very hard gel reached a CRC of 40 g/g when 0.02 eq of triglycol dichloride and 1 .30 eq of maleic 



anhydride are used. 



I i 



I 




Table I 

Effect of Divinyl Sulfone (DVS) Concentration on 
Crosslinked Carboxymethylstarch' CRC. 



DVS 

% w/w 


0.00 


0.31 


0.62 : 


1.58 


3.11 


7.88 


19.69 


39.38 


78.76 


118.15 


157.53 | 


CRC 

(g/g) 


0.30 


18.00 


23.00 


22.40 


21.00 


13.00 


8.90 


5.70 


7.40 


6.60 


1.70 



Table II 

Effect of Triglycol Dichloride (T 3 G-diCl) Concentration on 
Crosslinked Carboxymethylstarch' CRC. 



T 3 GdiCl 
% w/w 


. 0.00 


0.49 


0.98 


2.46 


5.00 


9.85 


20.00 


24.62 


30.00 


40.00 


150.0 


CRC 

(g/g) 


0.00 


0.00 


0.00 


0.00 


0.00 


30.00 


30.00 


26.00 


24.00 


21.00 


15.00 
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Table III 

Effect of Sodium Chloroacetate (SCA) and Diglycol Dichloride (DG-diCl) 
Concentrations on Starch Derivatives' CRC and Gel Strenght (GS). 



SCA 
(eq) 


DG-oiCl 

(eq) 


(gfg) 


n<! 1 


0.00 


0.00 


A 


— M 


0.25 


0.00 


1 




0.50 


o.oo 


0 


— M 


0.75 


0.00 | 


0 


— §H 


1.00 


0.00 ] 


0 


— J 


1.25 


0.00 


0 


u 


1.50 


0.00 


0 


A 

u 


2.00 


0.00 


1 


u 


0.00 


0.05 


2 


o 


0.25 


0.05 


2 


A 
U 


0.50 


0.05 


2 


"~ A 


0.75 


0.05 


3 


A 
(J 


1.00 


0.05 


1 


A 


1.25 


0.05 


15 


/ 


1.50 


0.05 


25 


2 


2.00 


0.05 


52 


2 


0.00 


0.10 


2 


1 


0.25 


0.10 


4 


1 | 


0.50 


0.10 


12 


4 


0.75 


010 


11 


4 


1.00 


0.10 | 9 


4 1 


1.25 


0.10 


26 


3 


1.50 


0.10 


30 


3 


2.00 


0.10 


31 


3 1 



SCA 


DG-diCl 


CRC 


GS 


(eq) 


(eq) 


(g/g) 


(0-5) 


0.00 


0.15 


9 


1 


0.25 


0.15 


7 


2 


0.50 


0.15 


18 


5 

— 


0.75 


0.15 I 


16 




1.00 


0.15 | 


18 


3 


1.25 


0.15 


21 


3 


] .50 


0.15 


26 


3 


2.00 


0.15 


27 




0.00 


0.20 


3 


_ M 


0.25 


0.20 


7 




0.50 


0 20 


11 


— 


0.75 


0.20 


14 


4 


1.00 


0.20 


| 12 


4 


1.25 


0.20 


26 


4 


1.50 


0.20 


28 


4 


2.00 


0.20 


1 33 


4 


0.00 


0.25 


2 


3 


0.25 


0.25 


2 


3 


0.50 


0.25 


3 


3 1 


0.75 


0.25 


3 


3 


1.00 


0.25 


19 


3 


1.25 


0.25 


26 




| 1.50 


0.25 


28 




I 2.00 


0.25 


36 
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« Table IV _ 
roacetate (SCA) and Tnglycol Dict^Ve (I 3 (j-aiU) 
Concentrations on Starch Derivatives' CRC and Gel sMght (GS). 



SCA 


T3GCI1CI 






(eq) 


(e<l) 






0.00 


A A A 

0,00 


A 

u 


A 
U 


0.25 


A AA 

0.00 


1 

1 


A 


0.50 


n aa 


A 
\) 


0 


0.75 


A AA 


A 
U 


0 


1.00 


A AA 
0.00 


A 

U 


A 
\J 


1.25 


A A A 

0.00 


A 
U 


A 


1.50 


A AA 

0.00 


A 
U 


A 
U 


2.00 


A AA 

0.00 


1 
1 


A 
U 


0.00 


0.05 


A 
0 


A 1 


0.25 


A AC 

0.05 




9 


r\ CA 

0.50 


A AC 


t 1 

1 1 


9 


0.75 


A AC 


1 A 


7 


LOO 


A A C 

0.0d 


1 A 
1U 


9 


1.25 


A A< 




-J 


1.50 


A AC 


^A 
xv 


4 


O Art 

2.00 


A AC 


1 0 
17 


_j 


0.00 


A 1 A 

0.10 


A 
U 


A 


0.25 


0.10 


5 


1 


0.50 


0.10 


10 


4 


0.75 


0.10 


12 


r 4 


1.00 


0.10 


18 


4 


1.25 


0.10 


26 


4 


1.50 


0.10 


29 


4 


2.00 


0.10 


49 


3 



pSCA 


T 3 GdiCl 


CRC 


GS 


(eq) : 


(eq) 


(fi/g) 


(0-5) 


0.00 


0.15 


10 


4 


0.25 


0.15 


10 


2 


0.50 


0.15 


13 


3 


0.75 


0.15 


16 


4 


1.00 


0.15 


22 


5 


1.25 


0.15 


22 


5 | 


1.50 


0.15 


27 


5 


2.00 


0.15 


33 


4 


0.00 


0.20 


13 


2 I 


0.25 


0.20 


15 


i I 


0.50 


0.20 


15 


4 j 


0.75 


0.20 


18 


4 J 


1.00 


0.20 


21 


4 


1.25 


0.20 


23 


4 


150 


0.20 


26 


4 


2.00 


0.20 


26 


5 


0.00 


0.25 


9 


3 


0.25 


0.25 


9 


3 


0.50 


0.25 


11 


3 


0.75 


0.25 


12 


: 


1.00 


0,25 


15 




1.25 


0.25 


17 


4 


1.50 


0.25 


S 20 


4 


2.00 


0.25 


1 32 


3 
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Table V 

Effect of SodiumWroacetate (SCA) and Tetraglycol Di«de (T 4 G-diCl) 
ConcentrationTon Starch Derivatives' CRC and Gel STWnght (GS). 



SCA 
(ed) 


T 4 GdiCl 
(eq) 


CRC 

(g/g) 


GS 1 
(0-5) 




SCA 
(eq) 


T 4 GdiCl 
(eq) 


CRC 

(g/g) 


GS 1 
(0-5) 


0 00 


0.00 


0 


0 




0.00 


0.15 


11 


2 


0.25 


0.00 


1 


0 




0.25 


0.15 


15 


2 


0.50 


0.00 


0 


0 




0.50 


0.15 


17 


3 


0.75 


0.00 


0 


0 




0.75 


0.15 


19 


3 


1.00 


0.00 


0 


0 




1.00 


015 


25 


3 


1.25 


0.00 


0 


0 




1.25 


015 


21 


5 


1.50 


0.00 


0 


0 




1.50 


0.15 


22 


5 


2.00 


0.00 


1 


0 




~ 2.00 


0.15 


28 


4 


0.00 


0.05 


9 


2 




0.00 


0.20 


12 


2 


0.25 


0.05 


12 


5 




0.25 


0.20 


14 


2 


0.50 


0.05 


17 


5 




0.50 


0.20 


16 


2 


0.75 


0.05 


21 


5 




0.75 


0.20 


17 


3 


1.00 


0.05 


25 


5 




1.00 


0.20 


24 


3 


1.25 


0.05 


28 


5 




1.25 


0.20 H 


27 


4 


1.50 


0.05 


27 


5 




1.50 


0.20 


28 


4 


2.00 


0.05 


33 


5 




2.00 


0.20 


32 


4 


0.00 


0.10 


13 


2 




0.00 


0.25 


17 


3 


0.25 


0.10 


15 


2 




0.25 


0.25 


14 


5 


0.5O 


0.10 


21 


2 




0.50 


0.25 


L 16 


2 


0.75 


0.10 


20 


5 




0.75 


0.25 


r i6 




1.00 


0.10 


22 


5 




1.00 


0.25 


21 




1.25 


0.10 


26 


5 




1.25 


0.25 


21 




1.50 


0.10 


27 


5 




1.50 


0.25 


1 26 




2.00 


0.10 


27 


5 




2.00 


0.25 


30 
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A Table VI ^jL 

Effect of Mak^hydride (MA) and Triglycol ^^■FjG^Cl) 
ConcentrationfonStarch Derivatives' CRC and Gel SWght (GS). 

Optimization study 



MA 
(eq) 

0.00 
0.52 


T 3 GtliCl 
(eq) 

0.03 
003 


CRC 

(g/g) 
17 

29 


GS 
(0-5) 

4 

5 




MA 
(eq) 

2.10 
2.62 


T^GdiCl 
(eq) 

0.12 
0.12 


11 
DD 

11 

5 J 


4 


0.75 
1.05 
1.25 


0.03 
0.03 
0.03 


30 
40 

33 


4 

4 
4 




3.14 
4.19 
0.00 


0.12 
0,12 
0.15 


11 
1 1 


A 
*~r 


1.57 


0.03 


31 


4 




0.52 


0.15 [ 


T7 


*t 


2.10 


0.03 


26 


4 




0.75 


0.15 


33 


c 

J 


2.62 


0.03 


34 


4 




1.05 


0.15 


32 


3 
>4 


3.14 


0.03 


34 


5 




1.25 


0.15 


24 


4 


4.19 


0.03 


34 


4 J 




1.57 


0.15 


30 


4 


0.00 


0.06 


17 


5 




2.10 


0.15 


31 


5 


0.52 


0.06 


25 


4 




2.62 


0.15 


15 


4 J 


0.75 


0.06 


29 


5 




3.14 


0.15 


16 


4 | 


1.05 


0.06 


32 


4 


| 4.19 


0.15 


12 


4 ! 


~~T.25 


0.06 


20 


4 


0.00 


0.1S 


17 


5 


1.57 


0.06 


33 


4 




0.52 


0.18 


34 


4 


2.10 


0.06 


28 


3 




0.75 


0.18 


34 


3 


2.62 


0.06 


28 


3 




1.05 


0.18 


33 


5 


3.14 


0.06 


32 


4 




1.25 


0.18 


35 


5 


4.19 


0.06 


31 


4 




1.57 


0.18 


32 


4 


0.00 


009 


18 


4 




2.10 


0.18 


28 


5 

/i i 


0.52 


0.09 


30 


4 




2.62 


0.18 


26 


4 


0.75 


0.09 


35 


5 




3.14 


0.18 


12 


4 1 


1.05 


0.09 


10 


4 




4.19 


0.18 


15 


4 1 


1.25 


0.09 


21 




0.00 


0.21 


17 


<- 

-—4— J 


1.57 


0.09 


34 




0.52 


0.21 


| 34 


4 


2.10 


0.09 


23 


4 




J 0.75 


0.21 


1 29 


4 


2.62 


0.09 


32 


4 




1.05 


0.21 


36 


4 


3.14 


0.09 


32 


4 




1.25 


0.21 


I 31 


4 


1 419 


0.09 


| 30 


4 




1.57 






4 


r o.oo 


0.12 


19 


4 




2.10 


0.21 


32 


4 


0.52 


0.12 


26 


4 




2.62 


0.21 


35 


4 


0.75 


0.12 


34 


4 




3.14 


0.21 


32 


4 


1.05 


0.12 


32 


4 




4.19 


0.21 


30 


4 


1.25 


0.12 


24 


4 










1 I- 57 


0.12 


30 


5 
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W Table VII 

Effect of MaltAhydride (MA) and Triglycol ^^■p^G-diC 
Concentrations^ Starch Derivatives' CRC and Gel SWJgth (GS). 

Optimization Study 



MA 






CIS 


(eq) 






10-5) 


0.50 


A f\C\ 

o.uo 


i c 
1 3 




0.70 


A AH 

u.uu 




5 


0.90 


A AA 

u.uu 


1 R 
1 o 


5 


i i a 

1.10 


A C\(\ 




4 


i ia 
1.30 


n nifS 




4 


1 <A 


n on 


21 


4 


a ca 


n A? 

U.VM 




4 


0. /O 


A A9 




4 


A AA 

O.yO 


U.VJZ 




4 


1 1 A 

1.10 


A A9 


J o 


5 


1.30 


a rv"> 

u.oz 




< 


1.50 


0.02 


28 


5 


0.50 


0.04 


18 


4 


0.70 


0.04 


19 


4 


0.90 


0.04 


19 


4 


1.10 


0.04 


21 


4 


1.30 


0.04 


25 


4 


1.50 


0.04 


18 


4 



MA 1 


T 3 GdiCl 
(eq) 


CRC 


GS 


(eq) 


(g/g) 


(0-5) 


0.50 


0.06 


30 


4 


0.70 


0.06 


18 


4 


0.90 


0.06 


35 


5 


110 


0.06 


41 


4 


1.30 


0.06 


35 


5 


1.50 


0.06 


37 


5 


0.50 


0.08 


18 


4 


0.70 1 


0.08 


21 


4 


0.90 


0.08 


24 


4 


1.10 


0.08 


25 


4 


1.30 


0.08 


18 


4 


1.50 


0.08 




A 

4 


0.50 


0.10 


26 


4 


0.70 


0.10 


34 


4 


0.90 


0.10 


39 


4 1 


1.10 


0.10 


51 


4 


1.30 


0.10 


36 


5 


1.50 


0.10 


37 


5 1 
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